Background The aim of this study was to evaluate the reliability of peak mitral inflow (E-wave) velocity, which was thought to be easier and more practical than qualitative and quantitative methods used to grade mitral regurgitation (MR) in patients both with normal and low left ventricular (LV) ejection fraction (EF). It is known that peak E-wave velocity increases in MR. But correlation of this increase with regurgitant fraction (RF), its usefulness in grading MR, and the effect of EF on peak E-wave velocity have not been studied in detail.
left atrium are the most widely used qualitative methods for the evaluation of MR. [4] [5] [6] [7] [8] [9] The fact that all these methods are qualitative leads to high-degree interobserver and intraobserver variability, which negatively affects the clinical decision. 2 Quantitative methods used to grade MR are the calculation of regurgitation volume (RV) and fraction (RF) and the measurement of orifice area. 1, 4, [10] [11] [12] Some of these methods are used widely in academic centers for both clinical and investigational purposes. Although they are correct and reliable, their use is both time consuming and highly operator dependent. 1 Thus a practical and reliable method that would be used to screen hemodynamically significant MR is needed. We planned this prospective study to test the usefulness and reliability of peak mitral inflow (E-wave) velocity, which was reported to be an acceptable and practical method to define severe MR in a study performed retrospectively. 13 
Methods
We prospectively examined 154 consecutive patients diagnosed as having native valve MR in our echocardiography laboThe most important point to decide the management and the follow-up of patients with mitral regurgitation (MR) clinically is correct determination of regurgitation severity. 1 The most widely used noninvasive method to detect MR and its grade is echocardiography. 2 Echocardiography makes the determination of regurgitation severity possible both qualitatively and quantitatively by many developed techniques, in addition to giving information about pathologic changes of the mitral apparatus, which is related to the etiology of MR. 3 Methods defining width, size, and spread of the regurgitation jet in the left atrium in addition to methods related to continuous-wave Doppler jet signal density, pulmonary venous flow patterns, and dynamics of the ratory (by an ATL 5000 machine with a 2-to 4-MHz phasedarray transducer) (Advanced Technology Laboratories, Bothell, Wash) between June 1998 and January 2000. Patients with minimal MR (n = 3), atrial fibrillation or heart rate >110 beats/min (n = 4), accompanying mitral stenosis (n = 4), aortic stenosis (n = 2) or moderate to severe aortic regurgitation (n = 3), previous mitral valve surgery (n = 1), and inadequate echocardiographic view (n = 2) were excluded. Finally, 135 patients (70 men, 65 women; ages 54 ± 16 years, range 20-88 years) diagnosed as having isolated MR were included in the study. The cause of MR was rheumatic native valve disease in 39 patients, ischemic heart disease in 29, mitral valve prolapse in 21, flail mitral leaflet in 18, hypertension in 14, calcification of mitral annulus in 8, and dilated cardiomyopathy in 6. All patients had chronic MR (duration >1 month). MR was evaluated qualitatively by means of 2-dimensional Doppler echocardiographic parameters (width and area of regurgitant jet, MR signal intensity by continuous-wave Doppler imaging, left atrial diameter). 9 According to these parameters, patients were divided into 3 groups as having mild, moderate, and severe MR.
Echocardiography was performed with the patient in the left lateral decubitus position. End-diastolic and end-systolic left ventricular (LV) volumes and ejection fractions (EF) were calculated by the modified Simpson's rule technique from apical 2-and 4-chamber views. 14 Mitral inflow velocities were recorded at a sweep speed of 100 mm/s from the apical 4-chamber view by placing the pulsed-wave Doppler sample volume at the tips of mitral leaflets. The following parameters were obtained by averaging 3 consecutive measurements in each condition. Diastolic period, peak E-wave velocity, E-wave deceleration time, and late filling peak flow velocity (A-wave) were measured and the E/A ratio was calculated. LV inflow and outflow tract flow velocities were recorded simultaneously by pulsed-wave Doppler echocardiography from the apical 5-chamber view, and then isovolumetric relaxation time (IRT) was obtained by measuring the interval between the end of ejection flow and the beginning of the mitral E wave; isovolumetric contraction time was obtained by measuring the interval between the end of the mitral A wave and the beginning of ejection flow. The systolic pulmonary artery pressure was derived from the tricuspid regurgitant jet velocity. 15 LV stroke volume was obtained by subtracting the LV endsystolic volume from the end-diastolic volume calculated by the modified Simpson's rule technique according to the recommendations of the American Society of Echocardiography. Forward stroke volume was calculated by the formula of LV outflow tract area (πr 2 ) × Outflow tract velocity-time integral. RV = LV stroke volume -Forward stroke volume and RF = RV/LV stroke volume were calculated. 15, 16 Interobserver agreement
In 35 randomly selected patients, 2 experts independently estimated the degree of MR as mild, moderate, and severe both qualitatively and quantitatively.
Statistical analysis
All data were expressed as the mean ± SD. Concordance between quantitative and qualitative grading of MR was compared by calculation of κ value. It was thought that κ values between 0.75 to 1, 0.40 to 0.75, and 0 to 0.40 were indicators of high, moderate, and low concordances, respectively. The differences among groups were compared by the Student t test or by analysis of variance (ANOVA) with a post hoc Scheffe test when >2 groups were involved. To determine the relationship between parameters, simple and multiple regression analysis was used. The Spearman rank correlation was used to determine the relationship between peak E-wave velocity and each variable. A P value < .05 was considered statistically significant. Sensitivity, specificity, and predictive values were calculated by standard formulas. Statistical analysis was performed with use of SPSS 8.0 for Windows (SPSS, Chicago, Ill).
Results
Patients were divided into 2 categories with EF ≥50% (n = 64) and EF <50% (n = 71). Concordance between qualitative grading of MR as mild, moderate, or severe and quantitative grading according to RF as RF <25%, RF 25% to 50%, and RF >50% were evaluated. Results of qualitative and quantitative grading were the same in 49 patients with an EF ≥50%, and moderate concordance was obtained. In patients with an EF <50%, the same results were obtained in 43 patients showing lowdegree concordance (Table I) . Although qualitative grading was underestimated in 9 patients (14%) with normal LV function, it was underestimated in 19 patients (27%) with LV dysfunction in whom discordance is more commonly observed (Table I) . Thus MR grading was determined according to the quantitative evaluation, and patients were divided into 3 groups (RF <25%, RF 25%-50%, RF >50%).
The mean values for the clinical and Doppler echocardiographic variables were compared between the MR groups in both categories (patients with EF ≥50 and <50%) and between both categories (Tables II to  IV) . There was a significant difference in all the clinical and echocardiographic variables between both categories, except blood pressures, RV, and RF. Medications were also different in both categories (Table IV) . 
Factors affecting echocardiographic parameters
Age, blood pressure, and heart rate between the MR groups were found to be similar (Tables II and III) . The peak E-wave velocity was significantly correlated with RF and EF (r = 0.47, r = 0.33, respectively, P < .001). These factors were then entered into a multiple regression model, and once again RF and EF were seen to correlate significantly with peak E-wave velocity (r = 0.51, r = 0.38, respectively, P < .001).
Peak E-wave velocity
Peak E-wave velocity increased in parallel to RF. Because another factor showing significant correlation with peak E-wave velocity was EF, patients with normal or impaired LV functions were evaluated separately. Although positive correlation of peak E-wave velocity with RF was significant in both groups, it was higher in cases with EF ≥50% (Figure 1) . Peak E-wave velocity of the patients with EF ≥50% was higher in patients with RF >50% than those of the other 2 groups and higher in patients with RF 25% to 50% than in those with RF <25%. Peak E-wave velocity in patients with RF >50% was predominantly higher than those of the other 2 groups with EF <50% (Tables II and III) . Peak E-wave velocity >1.2 m/s was diagnosed in 23 of 24 patients with RF >50% in patients with EF ≥50%, but in the group with EF <50% 19 of the 29 patients were able to be identified (Table V) . In addition, peak E-wave velocity in patients with RF >50% was >1.2 m/s in patients with EF ≥50% (95% CI 1.32-1.52 m/s), whereas it was >1.1 m/s in patients with EF <50% (95% CI 1.16-1.31 m/s) ( Figure 2 ).
Other echocardiography parameters
No significant difference in peak A-wave velocity, Ewave deceleration time, diastolic period, IRT, and isovolumetric contraction time was observed between the groups. On the other hand, the E/A ratio was higher in the patients with severe MR compared with those with mild MR (EF ≥50%: P = .007; EF <50%: P = .004) (Tables II and III) . 
Figure 1
Regression plot of correlation between peak mitral E-wave velocity and RF in 135 patients with varying grades of MR according to LVEF.
Figure 2
Error plot of relationship between peak mitral E-wave velocity and RF in patients with varying grades of MR. Solid lines, EF ≥50%; dotted lines, EF <50% on 95% CI.
A significant correlation was found between the E/A ratio and RF (EF ≥50%: r = 0.38, P = .002; EF <50%: r = 0.31, P = .009). Also, it was determined that the E/A ratio was >1.5 in patients with RF >50% and normal LV function (95% CI 1.65-2.17) and >2.2 in patients with RF >50% and impaired LV function (95% CI 2.29-3.1).
Pulmonary artery pressure was moderately correlated with RF in patients with EF ≥50% (r = 0.43, P = .004), but no significant correlation was found in patients with EF <50%. In patients with EF ≥50%, it was significantly higher only in patients with RF >50% than those with RF <25% (Table II) . Although there was a correlation between peak E-wave velocity and IRT (r = -0.54, P < .001) in all patients with MR, no correlation between peak E-wave velocity and RF was determined.
Interobserver variability. Concordance of 2 different experts for qualitative and quantitative grading of MR was 86% (κ 79%) and 91% (κ 87%), respectively. There was a difference as much as only one grade in all the patients in whom discordance was seen. Results showed that evaluation of 2 observers was highly concordant.
Discussion
MR is a progressive degenerative disease for which valve surgery is frequently performed. 17 Because the long-term results of valve repair are optimum, 18 the valve surgery mortality rate is very low, 19 and the LV dysfunction seen frequently after delayed mitral valve surgery causes a decrease in long-term survival, 20, 21 surgical indications of MR have recently increased so that surgery has been considered in the early period even for asymptomatic patients with severe MR. 22, 23 Thus determining the severity of MR is very important. Therefore an easy, practical and reliable method is needed. 24 The number of methods that can be used to evaluate MR is limited and there is no standard reference method among them. In general, angiographic grading of MR has been accepted as reference 25 but, although it gives valuable data to determine severe MR in addition to being subjective, it is affected by many variables (catheter position, injection ratio of contrast material, chamber size, forward stroke, x-ray penetration, and rhythm disturbances). Thus its use has been limited. 26, 27 Another disadvantage of angiographic evaluation is that it is an invasive method and not practical for the follow-up of MR, although echocardiography is the preferred diagnostic method for the follow up of MR, in addition to its diagnosis and grading. Today, in many centers qualitative evaluation on the basis of color-flow characteristics of the regurgitant jet has been used for the classification of MR. Although this qualitative evaluation is easy and rapidly applicable, it overestimates the severity of central jets and underestimates the severity of eccentric jets. 11, 28 Also, its subjectiveness limits its reliability and standardization. 1, 29 In spite of some technical difficulties and their operator-dependent reliabilities, the use of quantitative methods has been approved in the grading of MR and accepted as the "gold standard" in some centers. 1 Recent technologic developments, especially development of high-resolution techniques, have facilitated the quantitative measurement of RV and RF, which is based on the difference between LV and aortic stroke volumes, and increased its reliability. 30 The use of quantitative methods is time consuming and difficult, thus not practical for routine use, but it is preferred as reference in the studies in which new methods about measurement of RV and RF are developed. 1, 16, [31] [32] [33] Frequent discordance between qualitative methods motivates the development of noninvasive quantitative or semiquantitative methods. 24 For this purpose, many new methods have been presented recently. 2, 4, 10, 32, 33 An increase of peak E-wave velocity in MR has been shown in various studies with an insufficient number of patients but not quantitated adequately. 9, 34, 35 In only one study in which it is quantitated, Thomas et al 13 reported that peak E-wave velocity >1.2 m/s was an easy and practical parameter, indicating severe MR with high sensitivity and specificity. But there were some limitations in the presentation of this study. In this retrospective study, although quantitative grading was performed, groups were classified according to the qualitative grading, and EF, which was one of the significant determinants of peak E-wave velocity, was not mentioned. On the other hand, our study showed that concordance between qualitative and quantitative evaluation was lower in patients with LV systolic dysfunction. Although quantitative evaluation has been reported to carry the risk of overestimating the RF, this limitation can be overwhelmed by increased experience. 1 Although concordance was higher in patients with normal LV systolic functions, better determination of MR severity by quantitative evaluation in patients with systolic dysfunction improves the reliability of our quantitative evaluation method.
Especially in functional MR, a high probability of eccentric regurgitant jet increases the fault ratio of qualitative evaluation. 36 Moreover, the necessity to perform quantitative evaluation instead of qualitative evaluation in patients with LV dysfunction has also been emphasized by Enriquez-Sarano et al. 37 These data support that our results obtained from the patients with LV systolic dysfunction are not due to overestimation of RF by quantitative evaluation but depend on underestimation of MR severity by qualitative evaluation in this group of patients. Also, although sensitivity and specificity of peak E-wave velocity to estimate the severe MR has been given separately for the patients with and without LV systolic dysfunction in the study performed by Thomas et al, 13 this result may be criticized because grading has been made qualitatively. Likewise, in our study, EF has been shown to be one of the independent variables of peak E-wave velocity in multivariate analysis, and its correlation with RF has been found lower in the patients with LV systolic dysfunction. This result shows that correlation of peak E-wave velocity with RF must be evaluated free from LV systolic function. In our study, the accuracy of the criterion of peak E-wave velocity >1.2 m/s to predict severe MR determined according to quantitative evaluation has been shown to be different in patients with and without LV systolic dysfunction. If this criterion is positive in the patients with normal LV systolic function, this shows severe MR with a high accuracy rate (sensitivity 96%) and negativity of this criterion excludes severe MR (negative predictive value 97%), whereas its sensitivity is low (66%) in patients with LV dysfunction and it has a moderate negative predictive value (78%). It should also be considered that the peak E-wave velocity is not very useful for predicting lesser degrees of MR.
It is known that early filling is strictly conditioned by the relaxation process. 38 In this study IRT was found longer in patients with an EF <50% than in those with an EF ≥50%, and there was no significant correlation between IRT and RF, whereas peak E-wave velocity was found to be significantly correlated with IRT. This may explain the low diagnostic value of peak E-wave velocity >1.2 m/s in patients with an EF <50%. Along with this, increased heart rate, the older age seen in this group, and various medications may decrease the diagnostic value of this parameter.
Almost all the current methods presented for evaluation of MR have some disadvantages. The newly developed proximal isovelocity surface area (PISA) method 39 provides a simple and rapid quantitation, but it is a potential error source in the patients with eccentric jets. Once again, evaluation of MR by use of left atrial volume and pulmonary venous systolic blood flow velocity is suggested to be a simple and reliable method 40 but is not so practical, and its reliability has not been tested well enough. Also, the method presented as the MR index has been reported to be reliable in classifying regurgitation, especially in patients with LV systolic dysfunction. 2 Although qualitative grading was taken as reference in determination of this index in which 6 different parameters were evaluated, high accuracy rates were reported. But additional studies are needed to test the reliability of this nonpractical method. If the most important factor to decide the therapeutic choice during follow-up of MR is regarded as the determination of regurgitation severity, especially in patients with normal LV functions, a practical method that would be used in common clinically may be obtained by evaluating peak E-wave velocity. At least, it may be thought to be a simple screening method that is easy to use and evaluate.
Other echocardiographic variables
It was determined that diastolic period, IRT, and isovolumetric contraction time, which have not been evaluated in mitral regurgitation so far, are not affected by regurgitation severity. In addition, as reported previously, 41 an increase in regurgitation severity did not affect E-wave deceleration time and peak A-wave velocity. But peak E wave velocity and E/A ratio increased in correlation with severity of MR. Cutoff ratio values of E/A, 1.5 and 2.2 obtained from patients with severe MR with or without LV systolic dysfunction, respectively, suggest that these parameters may also predict severe MR.
Although pulmonary artery pressure used commonly in clinical practice shows a correlation with RF in patients with normal systolic function, no correlation has been detected in patients with impaired LV systolic function, suggesting that pulmonary artery pressure is considerably affected by LV systolic function as well as MR and parenchymal and intravascular pulmonary disease.
Limitations
Inability to interpret the severity of MR according to peak E-wave velocity in patients with atrial fibrillation is the most important disadvantage of this criterion. Perhaps multiple measurements may give an idea in these patients. Also, to test this criterion by comparing it in MR of different etiologies is a matter of discussion. In patients with concomitant severe aortic regurgitation or stenosis, more detailed studies are needed to investigate the usefulness of peak E-wave velocity. Use of peak Ewave velocity in patients with concomitant diseases such as constriction, tamponade, hypertrophic and restrictive cardiomyopathies, mitral stenosis, and MR resulting from mitral valvuloplasty or valvotomy should also be tested. Finally, peak E-wave velocity must be taken as a complementary criterion, in fact a screening test, rather than a definitive diagnostic tool in the evaluation of severe MR.
Conclusion
Peak E-wave velocity may be used as an easily obtainable and practical screening method to predict severe MR, especially in patients with normal LV systolic function. It is an adjunctive parameter that can be used for patients with LV systolic dysfunction in whom eccentric jet flows occur frequently and qualitative evaluation gives less reliable results. But sensitivity of the method in these patients is not as high as reported previously. In these patients with severe MR, an E/A ratio >2.2 may be taken as a adjunctive useful parameter.
